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EXECUTIVE SUMMARY

Section 303(d) of the Clean Water Act and the Bi&ironmental Protection Agency’s (EPA’S)
Water Quality Planning and Management RegulatiahJifle 40 of theCode of Federal
RegulationdCFR] Part 130) require states to develop Totakiktam Daily Loads (TMDLS)

for impaired waterbodies. A TMDL establishes theoant of a pollutant that a waterbody can
assimilate while still meeting the water qualitgredard for that pollutant. TMDLs provide the
scientific basis for a state to establish watelityubased controls to reduce pollution from both
point and nonpoint sources to restore and mainteimuality of the state’s water resources
(USEPA 1991).

A TMDL for a given pollutant and waterbody is conspd of the sum of individual wasteload
allocations (WLASs) for point sources and load adli@ans (LAs) for nonpoint sources and natural
background levels. In addition, the TMDL must irdduan implicit or explicit margin of safety
(MOS) to account for the uncertainty in the relasibip between pollutant loads and the quality
of the receiving waterbody, and it may include @fe growth (FG) component. The TMDL
components are illustrated using the following éiqura

TMDL = %~ WLAs +% LAs + MOS + FG

The study area for this TMDL includes four lowenfedonne Basin subsegments. The lower
Terrebonne Basin is in Terrebonne Parish. Landrue lower Terrebonne Basin is dominated
by wetlands. Heavy rainfall events typically ocouMarch and April as frontal weather systems
pass through.

The Louisiana Department of Environmental QualitipEEQ) has included four lower
Terrebonne Basin subsegments on the state’s 2@04rs803(d) list of impaired waterbodies.
The subsegments are listed for dissolved oxygematréent impairments. The impaired
designated uses for the subsegments (Table E® pyiarary and secondary contact recreation
(PCR and SCR), fish and wildlife propagation (FWd)tstanding natural resource (ONR), and
shellfish propagation (SFP). The subsegments #rerdully supporting (F) or not supporting

(N).

Table ES-1. Section 303(d) listing for subsegments  included in this report

Designated use
Subsegment Subsegment name Subsegment description
PCR |SCR | FWP | ONR | SFP
120401 Bayou Penchant Bayou Chene to Lake F|F| N | N
Penchant
120404 Lake Penchant Lake Penchant F F N
Lake Hatch and Lake Hatch and Lake

120405 Lake Theriot Theriot F F N
120406 Lake de Cade Lake de Cade F F F F

A water quality model (LA-QUAL) was set up to siraté dissolved oxygen, 25-day
carbonaceous biochemical oxygen demand (CBOD), arlamitrogen, and nitrate+nitrite. The
model was calibrated using data from fieldwork asctdd in July 2006. The projection
simulation was run at critical flows and temperatuto address seasonality, as the Clean Water
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Act requires. Reductions of existing nonpoint sedoads were required for the projection
simulation to show maintenance of the dissolvedyerystandard, 5 milligrams per liter (mg/L).
There were no reductions to point sources. Inignthe modeling in this study was consistent
with guidance in the Louisiana TMDL technical prdaees manual (LDEQ 2005). TMDLs for
oxygen-demanding substances (CBO&nmonia, and sediment oxygen demand [SOD]) were
calculated using the projection simulation.

In TMDL development, allowable loads from all padnt sources that cumulatively amount to
no more than the TMDL must be established, thepebyiding the basis for establishing water
quality-based controls. WLAs were assigned to peeahipoint source discharges. The LAs
include background loadings and human-induced nahpources. An explicit MOS of 10
percent and an FG component of 10 percent wereraikaled.

The dissolved oxygen TMDL establishes load limitasi for oxygen-demanding substances and
goals for reducing those pollutants. When oxygemaleding substances are controlled and
limited to ensure that the dissolved oxygen ciatelis supported, nutrients are also controlled
and limited. Implementing the dissolved oxygen TMibtough future wastewater discharge
permits, if required, and implementing best manag#rpractices to control and reduce runoff
of soil and oxygen-demanding pollutants from nonpsources in the watershed will also
control and reduce the nutrient loading from theserces.

Table ES-2 presents a summary of the dissolvedexydMDLs for the subsegments addressed
in this report. The numeric water quality criteritnat applies to the impaired subsegments and
used to calculate the total allowable dissolvedgexypollutant loads is 5 mg/L.

Table ES-3 presents a summary of the reductiorepeages for LAs. Reduction percentages
from baseline conditions for total oxygen demantyeal from less than 1 to 21 percent. There
were no reductions for WLAs.

Table ES-2. Summary of dissolved oxygen TMDLs, WLAs , LAs, MOSs, and FGs for the lower
Terrebonne Basin

Subsegment OXyge(Tb?c?)mand
120401 SOD CBOD, Ammonia Organic N Total
WLA 0.00 0.00 0.00 0.00 0.00
MOS for WLA 0.00 0.00 0.00 0.00 0.00
FG for WLA 0.00 0.00 0.00 0.00 0.00
LA 35,121.04 95,353.91 1,889.29 42,639.13 175,003.37
MOS for LA 4,390.13 11,919.24 236.16 5,329.89 21,875.42
FG for LA 4,390.13 11,919.24 236.16 5,329.89 21,875.42
TMDL 43,901.30 119,192.39 2,361.61 53,298.91 218,754.22
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Table ES-2. (continued)

Subsegment Oxyge(r|1b</j(;a)mand
120404 SOD CBOD, Ammonia Organic N Total
WLA 0.00 0.00 0.00 0.00 0.00
MOS for WLA 0.00 0.00 0.00 0.00 0.00
FG for WLA 0.00 0.00 0.00 0.00 0.00
LA 12,674.81 8,045.13 373.67 8,398.65 29,492.25
MOS for LA 1,584.35 1,005.64 46.71 1,049.83 3,686.53
FG for LA 1,584.35 1,005.64 46.71 1,049.83 3,686.53
TMDL 15,843.51 10,056.41 467.08 10,498.31 36,865.32
Subsegment OXyge(Tb?c%mand
120405 SOD CBODy Ammonia Organic N Total
WLA 0.00 0.00 0.00 0.00 0.00
MOS for WLA 0.00 0.00 0.00 0.00 0.00
FG for WLA 0.00 0.00 0.00 0.00 0.00
LA 50,867.98 5,509.87 671.26 3,031.74 60,080.84
MOS for LA 6,358.50 688.73 83.91 378.97 7,510.11
FG for LA 6,358.50 688.73 83.91 378.97 7,5610.11
TMDL 63,584.98 6,887.33 839.07 3,789.67 75,101.06
Subsegment Oxyge(r|1b</j(;a)mand
120406 SOD CBOD, Ammonia Organic N Total
WLA 0.00 1.54 0.96 0.48 2.98
MOS for WLA 0.00 0.19 0.12 0.06 0.37
FG for WLA 0.00 0.19 0.12 0.06 0.37
LA 46,618.22 38,758.46 4,754.46 14,269.76 104,400.90
MOS for LA 5,827.28 4,844.81 594.31 1,783.72 13,050.11
FG for LA 5,827.28 4,844.81 594.31 1,783.72 13,050.11
TMDL 58,272.78 48,450.00 5,944.28 17,837.80 130,504.86
Table ES-3. Summary of reduction percentages for LA s in the lower Terrebonne Basin
Sl Oxygen demanding
SOD CBOD, Ammonia Organic N Total
120401 0.00 0.00 0.00 0.00 0.00
120404 0.22 0.00 0.00 0.00 0.09
120405 0.00 60.21 39.69 70.75 21.15
120406 0.00 0.00 0.00 0.00 0.00

Table ES-4 presents a summary of the nutrient TMiDL$he subsegments addressed in this
report. The state’s nutrient criteria are narraéine include the following language (LDEQ
2007):

The naturally occurring range of nitrogen-phosphsrmtios shall be maintained. This
range shall not apply to designated intermittergiashs. To establish the appropriate
range of ratios and compensate for natural seafloctlations, the administrative
authority will use site-specific studies to establiimits for nutrients. Nutrient
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concentrations that produce aquatic growth to gterg that it creates a public nuisance
or interferes with designated water uses shalbeadded to any surface waters.

Table ES-4. Summary of nutrient TMDLs, WLAs, LAs, M OSs, and FGs for the lower Terrebonne

Basin
Total allowable
MOS (10%) - Percent
Subsegment (Ib/d) "’(f‘k‘)"/'(;‘)g reduction
Total phosphorus
120405 0.011 0.106 0.000
120406 0.018 0.176 0.000
Total nitrogen

120405 0.10 0.96 0.000
120406 0.16 1.56 0.000

Hurricane Katrina made landfall on Monday, August 2005, as a Category 4 hurricane. The
storm brought heavy winds and rain to southeastdiang, breaching several levees and
flooding up to 80 percent of New Orleans and lagas of coastal Louisiana. Both Hurricanes
Katrina and Rita have caused a significant amotiohange in sedimentation and water quality
in southern Louisiana. Many wastewater treatmetiliti@s were temporarily or permanently
damaged. Some wastewater treatment facilitiesbaillebuilt; others will be relocated.

The proposed TMDLs in this report were developedhenbasis of pre- and post-hurricane water
guality conditions. Some point sources in this TMBdve been updated with post-hurricane
information, where available. Post-hurricane watgality conditions and other factors could
delay the implementation of these proposed TMDésder some proposed TMDLs obsolete, or
require modifications of the TMDLs. Although huiaite effects might be valid for some

TMDLs, any deviation from the TMDLs should be jdisiil using site-specific data or

information.
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1 INTRODUCTION

Section 303(d) of the Clean Water Act and the Bi&ironmental Protection Agency’s (EPA’S)
Water Quality Planning and Management RegulatiahJifle 40 of theCode of Federal
RegulationdCFR] Part 130) require states to develop Totakiktam Daily Loads (TMDLS)

for waterbodies that are not supporting their desigd uses, even if pollutant sources have
implemented technology-based controls. A TMDL elsshbs the maximum allowable load (in
mass per unit time) of a pollutant that a waterbisdgble to assimilate while still supporting its
designated uses. The maximum allowable load igmé@ied on the basis of the relationship
between pollutant sources and in-stream watertyu&liTMDL provides the scientific basis for
a state to establish water quality-based contooteduce pollution from both point and nonpoint
sources to restore and maintain the quality okthte’s water resources (USEPA 1991).

Monitoring data collected by the Louisiana Deparitr@f Environmental Quality (LDEQ)
indicate that observed dissolved oxygen levels siomes do not meet the state’s water quality
criteria for four subsegments in the lower TerraimBasin. The impaired designated uses for
the subsegments are primary and secondary coetaetation, fish and wildlife propagation,
outstanding natural resource water, and shellfispagation. The subsegments are either fully
supporting (F) or not supporting (N) the designatses. Table 1-1 presents information from
Louisiana’s 2004 section 303(d) list for the foubsegments. For example, prolonged hot
weather decreases oxygen concentrations and caa fiah kills even in clean waters because
warm water cannot hold as much oxygen as cold watmrecard 2005).

Table 1-1. Subsegments and impairments addressed in this report

Designated use

Subsegment Subsegment name Subsegment description

PCR |SCR | FWP | ONR | SFP
120401 Bayou Penchant Bayou Chene to Lake F|lF| N | N
Penchant
120404 Lake Penchant Lake Penchant F F N
Lake Hatch and Lake Hatch and Lake
120405 Lake Theriot Theriot F F N
120406 Lake de Cade Lake de Cade F F F F

Oxygen concentrations in the water column fluctuetder natural conditions, but severe
depletion usually results from human activitied thiroduce large quantities of biodegradable
organic materials into surface waters. In polluteders, bacterial degradation of organic
materials can result in a net decline in oxygerceatrations in the water. Oxygen depletion can
also result from chemical reactions that placeerabal oxygen demand on receiving waters.
Other factors, such as temperature and saliniigence the amount of oxygen dissolved in
water. Prolonged hot weather decreases oxygen gatiens and can cause fish kills even in
clean waters because warm water cannot hold as oxygfen as cold water (Scorecard 2005).

Other factors that affect dissolved oxygen conegiains include the following (Murphy 2005):

* Volume and velocity of water flowing in the watedyo
» Climate and season
* The type and number of organisms in the waterbody
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o Altitude

» Dissolved or suspended solids
e Amount of nutrients in the water
* Organic waste

* Riparian vegetation

* Ground water inflow

Low dissolved oxygen concentrations in streamshealinked to both natural conditions and
human activities. In Louisiana natural stream ctbads like low flow, high temperature, and

high organic content often result in dissolved etydpevels already below current water quality
criteria, making it difficult to develop standards best management practices, or BMPs (Mason
et al. 2007). Additional data for these 303(d)elistireas are needed to determine whether the
low dissolved oxygen occurs naturally or is relat@tuman activity (i.e., is anthropogenic).
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2 BACKGROUND INFORMATION

2.1 General Description

The study region consisted of four subsegmentisaridwer portion of the Terrebonne Basin.
They include Bayou Penchant (subsegment 12040kg Panchant (subsegment 120404), Lake
Hatch and Lake Theriot (subsegment 120405), ané dakCade (subsegment 120406). In
Louisiana, the lower Terrebonne Basin includesipostof Terrebonne Parish. Table 2-1 lists
the parish and approximate drainage area of edidegment and Figure 2-1 shows the locations
of the subsegments. The watershed’s U.S. Geolo§imaley (USGS) hydrologic unit code is
08090302.

Table 2-1. Drainage area and parish of each subsegm ent

Subsegment name Subsegment Parish '(A‘r;?% &:ﬁ?)
Bayou Penchant 120401 Terrebonne 181 470
Lake Penchant 120404 Terrebonne 29 76
Lake Hatch and Lake Theriot |120405 Terrebonne 32 83
Lake de Cade 120406 Terrebonne 53 137
2.2 Land Use

Land use data were obtained from the 2001 USGSnh&tLand Cover Dataset (NLCD; Table
2-2 and Figure 2-2). The predominant land useennipaired subsegments is wetland. The
percentage of wetlands in the watersheds ranges@8opercent to 82.1 percent followed by
open water. There is very little, if none, barr@ayeloped, scrub/shrub, or forest in any
subsegments. Subsegments 120405 and 120406 hgeedaeas of pasture/hay. Subsegment
120401 is almost entirely wetland and open water.

Table 2-2. Land uses percentages for each listed su  bsegment in the lower Terrebonne Basin

Percent of total area

oot | ot | ond Lok ce cae

(120401) | (120404) (120405) CAUA02)

\Water 9.89 7.95 7.17 28.61
Developed 0.00 0.00 0.16 0.18
Barren 0.35 0.00 0.00 0.02
Forest 0.00 0.00 0.00 0.01
Grassland/shrub 0.00 0.00 0.00 0.00
Pasture/hay 0.00 0.00 3.22 2.16
Cultivated crops 0.00 0.00 0.01 0.10
\Wetlands 89.76 92.05 89.44 68.93
TOTAL 100.00 100.00 100.00 100.00
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Figure 2-1. Locations of lower Terrebonne Basin sub ~ segments.
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Figure 2-2. Land use in the lower Terrebonne Basin  subsegments.

2.3 Hydrologic Setting

Because reversing flows occur at times throughwaiffierrebonne Basin, there are very few
USGS flow gages in the Terrebonne Basin. The US@iS8ehydrology database (NWISWeb)
contains three stations with flow data for thesllssubsegments that are impaired for dissolved
oxygen and nutrients. Two stations—Carrion Crowd®afJSGS station 0738165033,
subsegment 120401) and Bayou Penchant near T(l@B8GS station 0738165055; subsegment
120401)—had only one peak discharge value, so thesenot used. The remaining station is
on Bayou Penchant south of Morgan City (USGS 073836subsegment 120401). Not using
negative flows, the average flow on this statio,&33 cubic feet per second (cfs) with a
minimum of 25 cfs and a maximum of 10,900 cfs.

2.4 Designated Uses and Water Quality Criteria

Louisiana’s 2004 section 303(d) list indicates thatfour listed subsegments—all assigned a
use of primary or secondary contact recreatioh, disd wildlife propagation, outstanding natural
resource, or shellfish propagation—do not meeliegipe water quality standards because of
unknown sources. Primary contact recreation incdwdey recreational or other water contact
involving full-body exposure to water and a consadide probability of ingesting water.
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Examples of the use are swimming and water skid@gondary contact recreation involves
activities like fishing, wading, or boating, whexater contact is accidental or incidental, and
there is a minimal chance of ingesting appreciabteunts of water. Fish and wildlife
propagation includes the use of water for aquathutht, food, resting, reproduction, cover, or
travel corridors for any indigenous wildlife anduadjc life species associated with the aquatic
environment. Outstanding Natural Resource Watersvaterbodies designated for preservation,
protection, reclamation, or enhancement of wildssnaesthetic qualities, and ecological
regimes, such as those designated under the Loaiblatural and Scenic Rivers System or
those designated by the department as waters fgecal significance. Characteristics of
outstanding natural resource waterdude highly diverse or unique in-stream or ripar

habitat, high species diversity, balanced troptriecsure, unique species, or similar qualities.
Shellfish propagation involves the use of watemtntain biological systems that support
economically important species of shellfish so thatr productivity is preserved and the health
of human consumers of these species is protected.

The assessment methodology presented in LDEQ’$3@&¢ort (LDEQ 2004) specifies that
primary contact recreation, secondary contact etitne, and fish and wildlife propagation uses
are to be fully supported. The state minimum digsdloxygen criterion for the subsegments in
this TMDL is 5 milligrams per liter (mg/L) year-rod.

Louisiana does not have numeric water quality steshglfor nutrients, but its narrative standard
for nutrients states the following:

° The naturally occurring range of nitrogen-phospisaatios shall be maintained (except
for intermittent streams), and

° Nutrient concentrations that produce aquatic ghawtthe extent that it creates a public
nuisance or interferes with designated water usak 3ot be added to any surface
waters.

The Louisiana water quality standards also incla@ntidegradation policy.@uisiana
Administrative Cod¢LAC] Title 33, Part IX, Section 1109.A), whichades that state waters
exhibiting high water quality should be maintairsgdhat high level of water quality. If that is
not possible, water quality of a level that suppdine designated uses of the waterbody should
be maintained. The designated uses of a waterbagybe changed to allow a lower level of
water quality only through a use attainability stud

2.5 ldentification of Sources
2.5.1 Point Sources

LDEQ stores permit information using internal datsds. LDEQ generated a list of point source
discharges in the study area by using the TEMPQOPar&l databases. Information on point
source discharges to the listed subsegments wamebtfrom the Electronic Document
Management System (EDMS) database at LDEQ. Data pudled from EDMS and analyzed

for the TMDLs. Each facility was evaluated on ttaesils of its discharges and permit limits to
determine whether the facility would be used ineleping the TMDLSs. The evaluation yielded
a permitted point source discharges in subsegnf#t(b (Table 2-3).
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Table 2-3. Point source in the lower Terrebonne Bas in

NPDES Flow Weekly ave
permit Outfall Facility name Location Receiving water d BODs
number (gpd) (mg/L)
LAG480431 001 The Offshore Drilling Lake Decade NE Lake Decade 1780 45
Company bank, near Theriot '

2.5.2 Nonpoint Sources

Louisiana’s section 303(d) list does not identifg suspected cause of the dissolved oxygen
impairment in the subsegments of the Upper Ternebdasin. The source is listediaknown
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3 CHARACTERIZATION OF EXISTING WATER QUALITY
3.1 Water Quality Data

Water quality data were obtained from LDEQ’s roatambient water quality monitoring
program (Figure 3-1). Appendix A includes summaadkthe data for the 303(d)-listed
constituents, along with additional constituentsdus the TMDL development process.
Dissolved oxygen data were available for each efftlur listed subsegments (see Table 3-1).

(=) LDEQ Water Quality Modeling Stations
[=] FTM Wvater Quality Modeling Stations

Figure 3-1. Locations of monitoring stations in the lower Terrebonne Basin.

Table 3-1. LDEQ water quality monitoring stations a  nd dissolved oxygen data summaries

IbEo No. DO DO DO
Subsegment Station Station name Period of record of min max ave.
obs. | (mg/L) | (mg/L) | (mg/L)

120401 932 Bayou Carencro at Brady 1/26/00-10/18/00 10 3.6 9.4 5.72
Canal, LA

120404 935 Peoples Canal north of Bayou | 4 /5¢/00_12/20/00 12 | 27 8.2 5.54
Mauvais Bois Ridge, LA

120405 936 Minors Canal north of 1/26/00-12/20/00 12 3.3 9.5 6.16
Marmande Ridge, LA

120406 937 Lake de Cade, LA 1/12/00—4/20/04 16 | 464 106 | 7.35

Note: DO = dissolved oxygen
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A field survey of the four model subsegments wasdcgted in the Terrebonne Basin during
July 2006. The hydrologic conditions during thédisurvey were typical for the Terrebonne
Basin during summer (high temperatures and gendmll flows). A list of the field survey sites
and the types of data collected at each site septed in Table 3-2. The water quality samples
were analyzed for 20-day carbonaceous biochemigalen demand (CBOD) time series, total
Kjeldahl nitrogen (TKN), ammonia nitrogen (M), nitrate+nitrite nitrogen, total phosphorus,
chlorophylla, total organic carbon (TOC), and total suspenadids(TSS). The in situ
measurements and water quality sampling resultstarenarized in Appendix A. Appendix A
also contains summaries of the depth, widths, Emvasfmeasured with the acoustic Doppler
current profiler (ADCP) instrument. Plots of thentauous monitoring data are presented in
Appendix A. Copies of the field notes from thddisurvey are included in Appendix B.

Table 3-2. Data types from July 2006 monitoring

Subsegment Site ID Site name Data types collected
120401 120401-A [Bayou Penchant southeast of Bayou Chene In situ, sample

120401 120401-B [Bayou Penchant near Bayou Copasaw In situ, flow

120401 120401-C [Bayou Copasaw near Bayou Penchant In situ, sample, flow
120401 120401-D [Bayou Penchant near Brady Canal In situ, sample

120401 120401-E Little Carencro Bayou In situ, flow

120401 120401-F [Carencro Bayou (Bayou Carrion Crow) In situ, flow

120401 120401-G Eiae3|/gu Penchant near Kent Bayou Oil and Gas In situ, sample

120404 120404-A |Lake Penchant In situ, sample, depth
120404 935 ;?dogp(altasLAC\:anal north of Bayou Mauvais, Bois In situ, sample, cross section, flow
120405 120405-A Lake Hatch In situ, sample, depth
120405 120405-C E/I;l:;n_?rr:gﬁoct:anal between Minors Canal and Flow

120405 120405-D [Marmande Canal east of Minors Canal In situ, sample, level logger
120405 120405-E Minors Canal north of Lake Theriot in situ, cross section
120405 936 Minors Canal north of Marmande Ridge, LA In situ, sample

120406 120406-A |Falgout Canal Bayou In situ, sample, level logger
120406 120406-B [Lake DeCade (eastern part) In situ, depth, contin. in situ
120406 937 Lake DeCade (western part) In situ, sample, depth

3.2 Comparison of Observed Data to Criteria

Water quality monitoring data were obtained fromH@ and during the July 2006 sampling
event. Table 3-3 provides a summary of the LDE@alis&ed oxygen data available for stations
in the model subsegments. Each station has beti@and 16 data points. All four stations had
dissolved oxygen observations below the water tuatiterion of 5 mg/L.
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Table 3-3. Summary of LDEQ dissolved oxygen data fo

r the lower Terrebonne Basin

DO DO DO Percent

sIIzEtlif)(rgl Subsegment Period of record saNrgb?(:s min. max. ave. samples

(mg/L) (mg/L) (mg/L) <5 mg/L
932 120401 1/26/00-10/18/00 10 3.6 9.4 5.72 30
935 120404 1/26/00-12/20/00 12 2.7 8.2 5.54 25
936 120405 1/26/00-12/20/00 12 3.3 9.5 6.16 33
937 120406 1/12/00-4/20/04 16 4.6 10.6 7.35 13

Note: DO = dissolved oxygen

Table 3-4 provides a summary of the July 2006 dissboxygen data for stations in the model
subsegments. Each station has between 2 and 1falats. All four stations had dissolved
oxygen observations below the water quality craterof 5 mg/L, except for subsegment 120406.

Table 3-4. Summary of dissolved oxygen data from Ju

ly 2006 monitoring event

Number Range of sample Number DO DO DO Percent
Subsegment o_f depths of min. max. ave. samples

locations samples (mg/L) (mg/L) (mg/L) <5 mg/L
120401 7 3-11 18 3.0 8.9 5.1 38.9
120404 2 2.25 2 3.7 6.0 4.8 50.0
120405 4 1-15 7 3.1 10.4 6.9 14.3
120406 3 25-3 3 6.5 7.3 6.9 0.0

Note: DO = dissolved oxygen

10
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4 WATER QUALITY MODEL SETUP AND CALIBRATION
4.1 Model Setup

LA-QUAL (Version 8.11) was chosen to simulate diged oxygen in the TMDL subsegments.
LA-QUAL is a steady-state model that LDEQ developaded on the QUAL-TX (Version 3.4)

model. Several modifications were made to the QUALmModel, including the addition of new
aeration equations that better represent conditiohsuisiana.

LA-QUAL evaluates the relationships between polttisources and water quality. Model
configuration involved setting up the model segreeamtd setting initial conditions, boundary
conditions, and hydraulic and kinetic parametelss Fection describes the configuration and
key components of the model.

Two models were used for the lower Terrebonne B&ayou Penchant (120401)/Lake
Penchant (120404); and Bayou Black (120202)/Intatad Waterways (120304 and 120403).
Only the main stems of the systems were explisitiyulated and thus segmented for modeling
purposes. Segmentation refers to separating alveatginto smaller computational units.
Segmentation occurred around major hydrologicalfes, such as tributaries. Tributaries were
represented through boundary condition designafppendix C contains diagrams of the
model segmentations and stream kilometers.

4.2 Calibration Period

The calibration period was selected to coincidéhie intensive field monitoring that had
occurred in July 2006. The data used for calibrasice the averages of the samples taken during
the measurement period from July 10 through Jul\2086. These dates were selected for
calibration because they were the only dates fachvtlata were available. This period is
considered the critical period because high tentpexa decrease dissolved oxygen saturation
values and increase rates for oxygen-demandingpses, such as biochemical oxygen demand
(BOD) decay, nitrification, and sediment oxygen dech (SOD). In addition, lower flow rates

do not cause strong reaeration, so the exchangeygen between air and water is low.

4.3 Model Options (Data Type 2)

Data type 2 is used to identify the constituentiadpenodeled to achieve calibration—for this
TMDL, dissolved oxygen, BOD, and a nitrogen sef@amonia nitrogen, and nitrateitrite).

4.4 Program Constants (Data Type 3)

LA-QUAL is programmed with certain default progrgarameters. Data type 3 is used to
override the default parameters and is optionak; i) values need to be entered only if values
other than the default values are desired. Defaliltes were used for all program parameters
except for the hydraulic calculation method. Thasgmeter was changed from method 1 to
method 2. For descriptions of the parameters agid default values, see the LA-QUAL user
manual (Wiland Consulting, Inc. 2005).

11
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4.5 Temperature Correction of Kinetics (Data Type 4 )

Data type 4 contains factors used for temperatomnection in rate equations. The temperature
correction factors used in the model were consisth the Standard Operating Procedure for

Louisiana TMDL Technical Procedur@sTP) when these factors were available (LDEQ 2005)
The correction factors were as follows:

» Correction for BOD decay: 1.047 (LTP and modebdé)

» Correction for SOD: 1.065 (LTP and model default
» Correction for ammonia N decay:  1.083 (model diéfau

» Correction for organic N decay: 1.020 (model dijau

» Correction for reaeration: 1.024 (LTP and modfhdlt)

4.6 Hydraulics (Data Type 9)

These data types describe the hydraulic charaitsraf the model reaches. The stream
hydraulics were specified in the input file for t@del using the following power functions:
width=a x Q@ +c
depth =d x @ +f

where:
a= width coefficient = 0.0
= width exponent = 0.0
= width constant = average width of segment
= depth coefficient = 0.0
= depth exponent = 0.0

f= depth constant average depth of segment

The average width and depth for each segment vasedoon observed measurements in July
2006; they are shown in Table 4-1. Slight adjustim@nsome reaches to better simulate
observed hydrology and water quality.

Table 4-1. Average channel widths and depths forea  ch model segment

Model reach : 120401/120404 : 120405/120406
Width (m) Depth (m) Width (m) Depth (m)

1 135 1.00 1,527 1.55
2 110 1.00 1,029 1.55
3 90 1.77 25 1.55
4 155 1.77 10 1.55
5 90 1.77 2,428 0.80
6 110 1.77 20 1.90
7 35 1.77 46 1.55
8 2,131 1.77 110 1.55
9 983 1.77 30 1.55
10 148 1.77 970 0.75
11 61 1.77 50 1.55
12 72 1.40 20 1.55
13 72 1.40 -- --
14 70 1.40

15 65 1.40

16 65 1.40

17 88 1.40

12
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4.7 Dispersion (Data Types 10 and 27)

Dispersion was specified in the model because gufisets in these models are tidally
influenced. The tidal influence creates diurnailieeversals that provide mixing and dispersive
transport. Lower boundary conditions were addetiéamodel using results from monitoring
locations near the end of the reaches from thasnte study in July 2006.

4.8 Initial Conditions (Data Type 11)

Initial conditions were set for temperature, digsdl oxygen, nitrate+nitrite, and chlorophall
using observed water quality data, while ammonta deere set to a constant. Because LA-
QUAL is a steady-state model, the initial condisaifect only the number of iterations needed
to reach steady-state conditions. Setting initedditions on the basis of observed data reduces
the amount of iterations the model must performetch steady-state.

Salinity, nitrate+nitrite, phosphorus, phytoplanktand macrophytes were the parameters not
simulated in the model. Their initial conditionsr&eset to zero so that the model would not
assume a fixed concentration and include theiiceffe

4.9 Water Quality Kinetics (Data Types 12 and 13)

Several kinetic rates, including reaeration, SOBQOD decay, nitrification, and mineralization
(organic nitrogen decay) rates, were used in theelh®ata types 12 and 13 focus on different
rates used by the model. Data type 12 is needgdfd®DD or dissolved oxygen is being
simulated, and data type 13 is needed only if géroor phosphorus is being simulated. For this
TMDL, both data types were included.

The model calculates the reaeration rate by usiregod a standard set of equations. For this
TMDL, the O’'Conner-Dobbins equation was used. Huggation is applicable to moderately
deep to deep channels (1 ft to 30 ft with flow bedw 0.5 ft/s and 12.2 ft/d). The equation is

B 3.932XV 0.969

K2 D1.5
where:
V = stream velocity (meters per second)

D = stream depth (meters)

For the portion of the models that simulates lakedifferent method was used. This equation is

a
K, 5
where:
a = oxygen transfer coefficient (meters per day)
D = stream depth (meters)

The input files that list these values are provigedppendix D. Table 4-2 summarizes these
rates. The CBOD decay rate varied per subsegmenwas based on the measured CBOD

13
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CBODs, CBODy,, CBOD,, and CBOD)s data. Slight adjustments were made in some redohes
better simulate observed water quality. The SOD aedibrated in the model and varied per
subsegment reach. SOD was calibrated after the CIB@dDs were finalized. The SOD rates
changed iteratively until modeled dissolved oxygencentrations agreed well with measured

water column dissolved oxygen concentrations

Table 4-2. Water quality kinetics rates

Program constant 120401/120404 120405/120406
Background SOD (g/m?/d) 0.6-2.8 1.2-25
BOD #1 decay rate (aerobic) (1/d) 0.05-0.12 0.01-0.31
Organic nitrogen settling rate (m/d) 0.02 0.003-0.01
Ammonia nitrogen oxidation rate (1/d) 0.1-0.15 0.2
Oxygen transfer coefficient “a” (m/d) 0.93 0.93

4.10 Incremental Data (Data Types 16, 17, and 18)

These data types include information on inflows antflows from the model reaches. For this
TMDL, incremental information for flow, temperatydissolved oxygen, CBOD, organic
nitrogen, ammonia, and nitrate+nitrite was includ&dpendix D contains the input files with
these values. Incremental flow was determined filom measurements obtained during the July
2006 monitoring.

4.11 Nonpoint Source Loads (Data Type 19)

This data type accounts for nonpoint source loadsssociated with incremental and tributary
flows. The nonpoint source loads that are specifidtie model can be most easily understood
as resuspended load from the bottom sedimentsranmd@leled as SOD, CBOD loads, and
organic nitrogen loads. The SOD (from data typedl®) the mass loads of organic nitrogen and
CBOD (data type 19) were all treated as calibrapiarameters; their values were adjusted until
the model output was similar to the calibratiomérvalues.

Typically, these three calibration parameters vegljested in a specific order based on the
interactions between state variables in the mddedt, the organic nitrogen loads were adjusted
until the predicted organic nitrogen concentratiese similar to the observed concentrations.
Organic nitrogen was calibrated first because rafribe other state variables will affect the
organic nitrogen concentrations. Next, the CB@iads were adjusted until the predicted
CBOD, concentrations were similar to the observed camagons. Finally, the SOD rates were
adjusted until the predicted dissolved oxygen cotraéions were similar to the observed
concentrations. The SOD rate was not adjusted b@lbwrams per square meter per day
(g/m’/day). The dissolved oxygen was calibrated lasabse all the other state variables affect
dissolved oxygen.

4.12 Headwater Flow, Water Quality, and Junction Da ta (Data Types 20, 21, 22, and 23)

These data types account for flow and water qualiiyn upstream of the modeled subsegment.
Headwater flow and water quality data were derivech monitoring data. In general, the flow
measured at the most upstream station was takitre aeadwater flow. Water quality data

14
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(mainly CBOD and dissolved oxygen) were estimatethfthe monitoring data at the most
upstream stations.

4.13 Wasteload Flow and Water Quality Data (Data Ty pes 24, 25, and 26)

These data types account for flow and water qufliiyn point sources discharging into the
listed waterbodies. The model included one perchitigtflows. There were also 6 tributaries or
outflows that were included as input in these t\gtas. The input file that lists inputs and their
associated flows and concentrations are providd@bie 4-3. Data from tributaries was
developed from observed data. Permit design fleer® used as the flows from permits.
Dissolved oxygen was set to 5.0 mg/L for the paedifacility. Permitted BOBdischarge

limits were converted to ultimate CBOD using a cansion factor of 2.30rganic nitrogen and
nitrate+nitrite were assumed from surrounding waater the point source and ammonia was
assumed. Data for tributaries was obtained froneesl data, assumption, and calibration.

Table 4-3. Summary of point sources and tributaries used in LA-QUAL

Subsegment Point source/ Flow DO CBOD, | Org N | Ammonia | NO3+NO; Comment
9 tributary name (mgd) (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L)

120401 Trib 1 outflow -166.775 3.70 3.42 0.95 0.05 0.02[Flow to another
waterbody

120401 Trib 2 inflow 51.713| 3.70| 3.42]  2.00 0.05 0.02[Tributary

120401 Trib 3 outflow 441501 370 3.42] 095 0.05 0.02[Flow to another
waterbody

120401 Trib 5 inflow 69.166|  3.70| 10.00  4.00 0.05 0.02|Tributary

120401 Trib 6 outflow 73.045| 370 342 095 0.05 0.02[Flow to another
waterbody

120404 Trib 4 outflow 0000 370 342 095 0.05 0.02[Flow to another
waterbody

120406 LAG480431 0.003 500 10350  0.80 0.10 0.04|Point source

4.14 Calibration and Model Results

Model calibration was a multistep process using ama CBODR, and SOD concentrations for
each reach, starting with the most upstream readwarking down to the outflow reach.
Organic nitrogen was first adjusted so that predictoncentrations matched observed data. The
ammonia and nitrate loads were then adjusted $aht@gredicted nitrogen concentrations
would match the observed concentrations. After amenwas calibrated, the CBQIbads were
adjusted until the predicted CBQ@Doncentrations were similar to the observed canatons.
Finally, SOD was adjusted until the predicted digst oxygen concentrations were similar to
the observed concentrations.

Table 4-4 lists the oxygen demand loadings forbcation conditions, which were based on
existing conditions. Overall, the model did wellgredicting the observed values for
temperature, ammonia, BOD, and dissolved oxygethtla& model was considered adequately
calibrated on the basis of the data available sRibbbserved and calibration water quality are
presented in Appendix E. Figure 4-1 is an examalb@tion plot.

15
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Table 4-4. Existing oxygen demand

Oxygen demand
Subsegment (Ib/d)
SOD CBOD, Ammonia Organic N Total
120401 43,901 159,751 3,470 70,918 278,040
120404 15,878 10,106 473 10,554 37,011
120405 63,585 8,731 803 5,835 78,954
120406 58,273 48,323 5,923 17,675 130,194
LA-QUAL Version 8.11
13.0 River Miles 0.00
2 2 T r © r 20
E 14 14 E\
6 //%6
______________________ T — - — ;:ﬁ____'__
4 \\\&i—«———,f 2
2 2
0 1 1 1 | 0
20.9 20 15 10 5 0.00

River Kilometers

Figure 4-1. Calibration plot for dissolved oxygen i

n subsegment 120406.
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5 WATER QUALITY MODEL PROJECTION

EPA'’s regulations at 40 CFR 130.7 require thatipadetermining TMDLs take into account
critical conditions for stream flow, loading, an@ter quality parameters. The calibrated model
was used to project water quality for critical ctimshs. Two scenarios were run for the critical
conditions: baseline and TMDL. The model was rurbfaseline conditions, which used the
same water quality and model parameters as theratiin model; however, the flow and
temperature were changed to critical conditionsedfident water quality from permitted
dischargers were changed to permit limits. The TMbadel run was the same as the baseline
run; however, pollutant loadings were reduced s¢ dissolved oxygen met criteria at all
locations. Identifying critical conditions and thmdel input data used for critical conditions are
discussed in this sectioAppendix F contains the baseline output files appehdix G contains
the TMDL output files. The output files include timput parameters.

5.1 Identification of Critical Conditions

The LDEQ LTP defines critical conditions in ternfdlow and temperature. Critical flow
conditions for tidally influenced regions are siaield using one-third the average or typical flow
averaged over one tidal cycle, irrespective of flawaddition, all point sources are assumed to
be discharging at design capacity and at their pidimrits. The LTP specifies that the critical
temperature should be determined by calculatin@@lepercentile seasonal temperature for the
waterbody being modeled, if data are availablee@tise, 30 degrees Celsius (°C) was used.

5.2 Temperature Inputs

The critical temperatures for the headwaters waseth on the 9Dpercentile temperature of
LDEQ ambient monitoring in the representative sghsent. A critical temperature of 30 °C was
used for incremental and wasteload inputs. Bectnese subsegments have a year-round
standard for dissolved oxygen, a winter projecionulation was not performed. The most
critical time of year for meeting a constant dissol oxygen standard is the period of high
temperatures and low flows.

5.3 Headwater and Tributary (Wasteload) Inputs

The inputs for the headwater and tributaries ferglojection simulation were based on guidance
in the LTP. According to the LTP, the critical flowates for tidal systems for summer should be
set to one-third the average or typical flow avedhgver one tidal cycle, irrespective of flow.
These flows were calculated for headwater andtaityumodel flows and used in the baseline
and TMDL model predictions.

Dissolved oxygen from headwaters and tributariee\get to the water quality criterion of 5
mg/L or the observed concentration, whichever waatgr. CBOR levels from headwaters and
tributaries were reduced until modeled dissolveghgex met the criteria. The ammonia levels
were low from both the headwaters and tributatiesrefore, the ammonia inputs were not
changed from the calibration values.
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5.4 Point Source Inputs

Ammonia and organic nitrogen levels were changewhfobserved or assumed concentrations to
proposed concentrations. The nitrogen concentraiti@re assumed to be half the amount of the
oxygen demand, with two-thirds assumed to be amanloriding and one-third as organic
nitrogen loading. These assumptions are consistéminformation presented in the LTP. If
necessary, input concentrations were reduced to tkeedissolved oxygen concentration above
5 mg/L.

5.5 Downstream Values

Modeling parameters for downstream boundary comutwere the same as the calibration
parameters except for temperature and dissolvedgemxyl he temperature was set to the critical
condition. The dissolved oxygen value, if belowenia, was set to the water quality standard of
5.0 mg/L.

5.6 Baseline Model Results

Baseline line conditions were run under criticahditions for calibrated parameters and water
quality values. Plots of baseline water quality resented in Appendix H. Baseline oxygen
demand is presented in Table 5-1.

Table 5-1. Baseline oxygen demand

Oxygen demand
Subsegment (Ib/d)
SOD CBODy Ammonia Organic N Total
120401 43,901 119,192 2,362 53,299 218,754
120404 15,878 10,056 467 10,498 36,900
120405 63,585 17,311 1,391 12,957 95,243
120406 58,273 48,450 5,944 17,838 130,505

5.7 Model Results for Projection

Several steps were used to develop the reducti@emi@ges for oxygen demand. The TMDL
was calculated by first iteratively reducing SODted meeting the dissolved oxygen criterion by
reducing SOD, the CBOD reduction rate was calcdlagethe SOD/CBOD relationshigQOD =

a x VCBOD). Slight adjustments were made to the SOD redungtite, and an updated CBOD
reduction rate was calculated. This process wasated until the optimal reduction rates were
determined.

To meet the dissolved oxygen standard, 5.0 mgth| txygen demand must be reduced from
less than 1 to 21 percent. This percentage redufdiononpoint source loads represents a
percentage of the entire nonpoint source loadingarpercentage of the man-made nonpoint
source loading. The nonpoint source loads in #pert were not divided between natural and
man-made because it would be difficult to estinmatiral nonpoint source loads. Plots of
predicted water quality are presented in Appendix |
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6 TMDL DEVELOPMENT

A TMDL is the total amount of a pollutant that @eevzing waterbody can assimilate while still
achieving water quality standards. In TMDL devel@nt) allowable loadings from all pollutant
sources that cumulatively amount to no more thantdDL must be established, thereby
providing the basis for establishing water qualised controls.

A TMDL for a given pollutant and waterbody is conspd of the sum of individual wasteload
allocations (WLASs) for point sources and load adiiians (LAs) for nonpoint sources and natural
background levels. In addition, the TMDL must irdduan implicit or explicit margin of safety
(MOS) to account for the uncertainty in the relasibip between pollutant loads and the quality
of the receiving waterbody, and it may include @iffe growth (FG) component. The TMDL
components are illustrated using the following eipuma

TMDL = 2 WLAs +2 LAs + MOS + FG

The LA is the portion of the TMDL assigned to nompsources such as natural background
loadings. For this TMDL, the LA was calculated lypsacting the WLA, MOS, and FG from
the total TMDL allocation. LAs were not allocatexdeparate nonpoint sources because of the
lack of available source characterization data.

The WLA portion of the TMDL equation is the totablding of a pollutant that is assigned to
point sources. The permitted or average (expecatethserved) flows were used to calculate the
WLAs. If the permitted or average flow was unavaliga the permit maximum flow was used.
The permit maximum flow was usually the maximunwiloovered by the specific type of
general permit. For example, the LPDES Class lit8gnGeneral Permit covers facilities with
flow of up to 25,000 gallons per day. Sometimesgienit maximum flow was significantly
greater than the expected flow, and therefore émmp maximum was used only when other
flows were not available.

Section 303(d) of the Clean Water Act and the ratiphs at 40 CFR 130.7 require that TMDLS
include an MOS to account for uncertainty in avagadata or in the actual effect that controls
will have on the loading reductions and receiviregev quality. The MOS may be expressed
explicitly as unallocated assimilative capacityraplicitly using conservativassumptions in
establishing the TMDL. In addition to the MOS, &8 Eomponent may be added to account
specifically for FG in the TMDL area.

There are two ways to incorporate the MOS (USEP&1190ne way is to implicitly incorporate
it by using conservative model assumptions to agwallocations, including the following:

» Using slightly higher water temperatures than thggested water temperaturé.
dissolved oxygen meets the criterion with highetawvgemperature, it will meet the
criterion with lower water temperature when othaatbrs remain unchanged.

» Using the dissolved oxygen water quality critefonmodel inflowsDissolved oxygen
from headwaters and tributaries was set to thervgaiality criterion, which is lower than
the 90 percent saturation level of dissolved oxyates0 °C.
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The other way is to explicitly specify a portiontbe TMDL as the MOS and use the remainder
for allocations. For this analysis, the MOS is @i{pl10 percent of each targeted TMDL was
reserved as the MOS to account for any uncertaintye TMDL. Using 10 percent of the

TMDL load provides an additional level of protectito the designated uses of the subsegments
of concern.

The MOS is an allocation for scientific uncertainiyhile the FG is an allocation for growth. Ten
percent of the load was allocated for FG in the@ @mvered by the TMDL. This growth includes
future urban development, including point sourééS4 areas, agriculture, and other nonpoint
sources. The FG could also be used for sourcesagounted for or unknown and therefore not
otherwise included in the TMDL.

6.1 Dissolved Oxygen TMDLs

The dissolved oxygen TMDLs are presented as oxggemand from CBO[LR) ammonia, organic
nitrogen, and SOD, and they were derived usindf€UAL model. A summary of the
TMDLs is presented in Table 6-1. The TMDLs werecaddted from SOD, CBOJ) ammonia,
and organic nitrogen from nonpoint source modeliigptributary flows, incremental flows, and
background. Table 6-2 presents a summary of thectiexh percentages for LAs; there were no
reductions for WLAs, thus reductions from point s@s are not required as a result of this
TMDL. The reduction percentages for total oxygemeerd ranged from less than 1 to 21
percent.

The WLA is presented in Table 6-3. It was calcudaising weekly average permit limit and the
expected discharge flow. The nitrogen loading weasimed to be half the amount of the oxygen
demand, with two-thirds was assumed to be ammoaiding and one-third as organic nitrogen
loading. These assumptio